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ABSTRACT

The distribution and abundance of aquatic insects in the West
Fork of the West Gallatin River and a contiguous section of the West
Gallatin were studied. Benthic samples were taken monthly with a
modified Surber—~type sampler from July 1970 to August 1971 at eleven
gtations. Selected physical and chemical parameters were measured.

Differences in fauna were found along the gradient of physical
and biclogical conditions from the upper stations on the West Fork
to the lower stations on the West Gallatin. Plecoptera and Ephemer-
optera dominated the fauna in numbers and biomass at uppermost stations
on the West Fork. Diptera increased in a downstream direction on the
West Fork and the species composition of the insect community changed.

In the West Gallatin River, the faunal association was distinctly
different from that of the West Fork. Pleronorcys caltfornica
(Plecoptera), Hydropsyche and Avctopsyche (Trichoptera) dominated the
ingect community in biomass.

4 general increase in bilomass and numbers in a downstream
direction was observed.

Ir appears that food, ice cover, temperature, stream size, and
substrate were the major factors influencing species distribution and
insect biomass.



INTRODUCTION

Because of man's increasing abilicy through technology to modify
hiz local environment to sult his immediate needs and objectives, human
activities have had an increasingly profound effect on the biocta of
flowing waters over the last two centuries {Bynes, 1970}. These aciiv-
ities may be dirsct and obvious such as modification of stream channels,
or more subtle, such as slow addition of heavy metals to aquatic eco-
systems. During the past twenty-five years or g0, awarensss 2f the
consegquences of such activities to aquatic ecosystems has grown and an
increasing research effort has been chanmeled into ascertaining their
true significance.

In view of the Big Sky recreational development in the West Fork
drainage, the present study was initiated to determine the existing
disrriburion and relative szbundance of acuatic insects in the West Fork
and a contigucus section of the West Gallatin River, and to identify
some of the factors affecting their distribution. To these ends,
monthly benthos collections were made at stations established om the

West Fork and West Gallatin River from June 1970 to August 1971.

by

A great volume of literature has accumulated on the effects o
various stream modifications on thelr biocta. In a classic paper,
Caufin and Tarzwell (1956) showed that the effect of gress organic pol-
lution on stream bicta was catastrophic. King and Ball (1964) des-

cribed the response of stream biota to the deletericus effects of



.
giltation caused by adjacent construction of an interstate highway.
Whitney and Bailey (1963) found a ninety percent reduction in svanding
crop of trout in a straightened sectiom of a Montana siream. Zillges
{1971) studied the responses of aquatic insects to agricuitural runcii
in Bluewater Creek, Montana. The recovery of the fauna of a dredged
English mill stream was described by Crisp and Gledhill {1970). Macan
(1963) described how the invertebrate fauna of a small stream showed =
dramatic response to sven relatively slight organic enrichment by
domestic sewsge.

Tt is to be expected that increased use of the West Fork and West
Gellarin River drainages by man will produce some ecological effects
which may be reflected in the cemposition of aguatic communitiss,
Construction of dwellings asnd roads zlong with changes in land use
patterns may contribute to siltation, while an ingrease in both fran-
sient and resident human populations will contribute more organic and
inorganic nutrients to the watershed. The resgults of this study will
provide a baseline of informaticn by which the magnitude of the impact
of these changes on the aguatic ecosystem can be measured. They will,
at the same time, provide in some degree a measurement of the abilicy
of the developer to successfully integrate a large recreational complex
into the ecology of a natural area without serious ecological dis-

ruption and degradation of the natural and esthetic resources.



DESCRIPTION OF THE STUDY AREA

5

The West Callatin River originates in ths southern tlp of the

Gallstin Range in the northwest corner of Yellowstone Naziional Park
and flows northward into Montans, drainimg an srea of about 213,600
hectares, The river flows through a nazrrow valley for about &3 kilo-
meters and enters a canvon just below the mouth of the West Fork,
shrough which it pursues 2 turbulent course for about 32 kilometers
before coming out onto the Gallatin Valley at an slevetion of 1520
melers,

The study area (Fig. 1) consists of the lower West Fork and =

Gams

i

contiguous section of the West Gallatin from Porcuplue Stat

Renge to Mooge Meadows campground. The West Fork drains 20,700

Jy

hectares {Van Voast, 1972) in an eastward divection, entaring the
West Gallatin just above the caunyon at 1823 metars. The West Fork

s formed by three tributaries: the Houth Fork, the Midéle Fork,

gt

nd the North Fork. The upper sections of thase tributaries Ilow

s

through nawrow valleys coverad with coniferous forest. he

drainage widens downstream into a broad slluvial sagebrush

coverad plsin (Montzgne, 1971) upon which the summer village of
Big Sky is being developed. A highway is heing constructad up the

valley and extensive modification of the stream bed tas oocurred

sipece the end of the sampling period.
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he geological history of the West CGallatin dralnage iz complexn

s

The entire upper Gallatin drainage is a depras

Gallatin-Madison uplift, which is composed of the
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the east and the Madison Range to the west. Ba

ingludes

from about 3350 meters on several peaks in the Madison Ra
meters at Moose Meadows, According to Hall (1361} there is evidence

that during the Plaistocene glaciation this ares was subjected o feur
distinct glacial episodes, and that glacial activity was grealsy hare

than in other similar areas nearby.

Analysis of Weather Bureau data for Montana from 1931 to 1952 by

a1l (1961) revealed that the upper Gallatin drainsge hss one of
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Prior te the start of the Big Sky recrsational complex, bhuman
land use in the upper Gallatin drainage was limited. There was little

ranches and & few bars

]

commercial davelopment, save for several dud
and moteis, There was little agriculture and little irrigetion., There

< [3

are numerous siummer homes along the West Gallatbin end the West Fork.
Logging activity has been slight, with the total acresge logged in the
last fan years estimated at less than 1400 hectares (Finzer, UBFS,
personal communication). Approximetely 600 hectaves of this lies within
the Weet Fork drainage and may have caused increased siltation of the
stream bed, especially in the Middle and South Foxks,

Tzhles 1 and 2 below indicate flow data for the West Gallatin and
West Fork respectively.
Teble 1. Flow data (mEES} for the West (allatin River at Spanish Cresk

gauging station {from Surface Water Data for Montana, USGS, 1966=
£8.)

Mean Minimum Maximum
Yaar Annual Flow Monthly Mean ¥onthly Mean
1966 20,5 10,24, Feb. 539,32, June
1967 27 .4 8,63, Jan. 110,92, June
1968 30,6 9.48, Jazn. 125,86, June
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METHODS

Sampling Stations

Fleven sampling stations were established on the West Fork of the
West Gallatin River and on a contiguous saction of the West Galliatin
River itself (Fig. 1). Station one was in & riffle on the West Fork
main stem 50 meters sbove its confluence wiith the West Gallatin River,
Station two was in a flav riffle on the west szide of the West Gallatin
River spproximately 100 meters downstream Irom {ts confluence with the
Weet Fork, Starion three was on the Horth Fork just below & logging
road bridge approximately .4 kilometers above the confluence of the
North and Middle Forks. Station four was on the Middie Fork approxzi-
mately 1.3 kilcmeters sbove the conflusnce of the Middie and Novth Forks,
in a riffle which passed through a willow flat. Staticon five was on
the Middle~North Fork 400 meters downstream from the confiuence of the
Middle and Nerth Forks. $Stetion six was on the South Fork im a viffle
150 meters upgtream from the confluence of the Sourh and Middle-North
Forks., Station seven was on the Middle-North Fork 30 meters upstream
from the confluence of the Middle~North and South Forks. tation eight
was on the east side of the West Gallatin 100 meters downsiresm from
the bridge at Porcupine Game Range. Station nine was in a shallow side
channel on the west side of the West Gallatin River approximately twe
kilometers south of the confluence of the West Gallatdn and the West

Fork., Station fen was in a flat riffle on the southwest side of the



G
West Callatin 75 meters upstrean from the Jack Smith bridge on U. B.
Highway 191. Station eleven was in a deep viffle in the east channel

of the West Gallatin at U. §. Forest Service Moose Meadows campground.

Collection and Analysis of Samples

Renthos samples were collected monthly at the eleven sampling
stations from July 1970 to August 1971 when weather and watex con=-
ditions permitted. Table 3 shows a schedule of collected samples.
Care was taken in collecting the samples to avoid sampling any partic-
ular ares of substyvate twoe months in succession. A modified Surber
sampler with 80.5 square meter frame and a cod one meter in depth with
nine meshes per centimeter was used. Samples were preserved in the
field in 40% formalin, taken into the laboratory and stored until
analysis, which consisted of the following procedure.

Insects were separated from detritus and gravel by hand, using
a hand lens and dissecting microscope when necessary, and preserved in
aither 70% ethyl or 40% isopropyl alcohol. They were later classified
to the lowest possible taxa using appropriate sections from Usinger
{1956}, Pennack (1953}, or Edmondson (1939). Other taxcnomic refer-
ences used were Wiggins (1963), Gaufin, et al. (L966), and Newell
{1970%. Specimens from a number of raxa were sent to sxperts for
verification or correctiocn of classification. A few Diprera forms
which could not be positively identified were added to counts of

Tinulidae, the family they most resembled.
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Table 3. Schedule of samples collected at respective stations from
July 1970 o July 1971,

1870 1871
Station  July Aug. Sept. Qct. HNov., Dec, Jan. Mar. Apr.
i X b4 X X X pd X X X
2z X b4 X X X X *
3 X X X X X X X
& b4 h:4 X z x X X
5 p:§ p:4 X X X Z X
& z X X X p4 X X A
7 X X X p:S X b4 Z X
8 X X b4 )4 h.4 X X X
G X x X X X X X
id b4 X X X X )4 X X
i1 X X p:4 X X Z X X

*L.08L.

For July, November and March samples, total numbers of individuals
per taxa were counted or approximated by use of subsamples. Those
samples with extremely large numbers of insects o be ccounted were sub-
sampled in a plexiglass tray sixteen inches square, on the bottom of
which was scribed sixteen equal squares, numbered from one to sixteen.
The separated insects were placed in the tray, suspended in alcohol,
and stirred untll evenly distributad. Numbers of sgquares were randomly
gelacted and the insects in that sgquare were withdrawn and counted by
taxa. Subsequent squares ware sampled until at least 500 dindividuals

had been counted. 7Total numbers in the sample were then approximated



wlie
by a simple proportion,
In other months, sample numbers were visually estimated snd taxas

placed in abundance categories with the following class limits:

Category Number of Individuals
Rare i~-5

Common & - 20

Numerous 2L - 50
Abundant 531 - 500

Very Abundant Over 500

These class limits were selected on the basis of convenience and rela-
tive accuracy obtainable.

Standing crops of insects were estimated by velumetric deter-
minations at the ordinal level. Insects were drained on 2 sieve,
blotted, and volumes determined to the nearest 0.5 pilliliter by dis-
placement in alcohal.

Diversity indices were computed for insects collected in July,
November and March samples using Margalef's (1951} equation:

Diversity -~ 5 = 1
In ¥

where 8§ is the number of taxs and Ln N is the natural
logarithm of the total number of individuals,
Average statlon diversity was calculated for each station by means of

the following formula:

Average diversity = I8i



o] Do
wheve 5i is thes pumber of faxa in the ith monrh {July,
November or March}, and Ni is the number of individuals
in the ith month.

Aguatic plants and detritus caught in the cod were retained in
some samples. Plant matevial was drained, blotted, snd volumes there-
of measured to the nearest milliliter in a graduasted cylinder.

Mazgurements were made on pertinent physical pavameters at most
of the stations. Current measuremenis were made during low flow con-
divions uging a Gurlevy Pygmy current merer. Twenty to thirty measurs-
ments were made in each sampiing area as close to the substrate as
pogsible. Depths were measured in the sampling aress to the nearest
centimeter at twenty to thirty points under low flow conditions.

Substrate analysis was carried out using a modification of the
photographic technigue developed by Cummins (1964}, based on the
Wentworth scale of substrate size classes {Cummins, 1962). Substrate
photographs were tsken with the aid of an underwater viewing boz using
& 35 mm single lens refliex camers with an internal light meter and
Ektachrome ASA 64 film. TIn the laboratory, developed slides were pro~
dected to actual size (based on a knowm reference placed in the photo-

raph) on & grid having divisions three centimeters by five centimesters.
At esach intersection on the grid, substrate size was determined with
calipers. One to thres slides were analyzed &t each station. Sub-
strate composition was expressed as average percentage of total inter-

sections in sach size class,



RESULTS

Insects
Initisl work with benthic insects collected involved determi-
nation of taxa present in the study section., Following is & taxonomic
list of the insects found during the study.
EPHEMEROPTERA

Ephemerella grandis Eaton
inermis Eaton
doddsi TFesdhanm
edmmdsl Allen
hystriz Traver
eoloradensis Dodds
tibialis MeDunnough
spinifera Needham

Eithrogena robusta Dodds

Cinygmula McDunnough

Epeorus

Irow longimaonus Eaton
Ivonopsie sp. Traver
Baetie sp. A
parvus Dodds

Centrpptiium Faton

Amgletus Eaton

Paraleptophlebia Lestage

LECOPTERA

Pteronareye californicae Banks
Pteronarcella badia Hagen
Nemovra
Zapada cinctipes Banks
haysi  Ricker
frigids Claassen
Progtota besometsa Ricker
Brachyptera WNawport
Leuctrg Stephens
Teogenus modestus Banks
Diura knowltoni Frison



Arcynopreryx
Frisonta porallela Frison
Megoreys sp. Klapa®lsk
Acroneuria pacifica Banks
thecdora Ricker
Alloperic Banks
Paraperla Banks
Isoperic Banks
Peitoperla Heedham

TRICHOPTERA

Parapsyche elsis Milne
Brachycentrus Curtis
Miorgsems McolLachlan
Amiocentrus  Allen
Drusinus Betten
Heophylax Hclachlan
Neothremma Banks
Glogsosomz Curtis
Oligophlebodes Banks
Dicoasmoecus MeLachlan
Rademz Hagen

DIPTERA
Chironomidae
Simuliidas
Tipulidae

Rhagionidase
Atherix vartegata Walkey

Blepharoceridae
Pavchodidae

Dusterophlebiidae



-15-
Muscidas
Enpididae

COLEOPTERA

Elmidae

Tables & through 14 show oceurrence and azbundance of insectis at
aach atstion for the monthse indicated. HNumbers of individuals are
given for samples at all stations in March, July and November. The
remainder of the section contains analysis and explanation of the data
presented in these tablas.

Teble 13 contains dats on standing crops of insects at the ordinal
level zs determined by volumetric displacement. As one might expect,
ingect volumes were usually greatest in early spring samples. Immature
forms had reached maturity, vet the bulk of emergence had not begun.
Stations eleven, ten, nine, and one, in that oxrder, had the highest
mean standing crops, as averaged over comparable months’' samples, while
mean standing crops at statioms eight, eix, seven, three, four, and
five were considerably less.

Stations two, ten, and eleven on the West Gallatin, and station one
on the West Fork had considerably greater total numbers of individuals
in spring and winter samples than did station eight on the West Gallatin
or other stations on the West Fork (Tables 4-14), Seasonsl variations in
numbers and biomass were generally less at starions three, four, and

five on the West Fork, due in part to & generally lower standing crop,
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For July,

Tzhis 4. Numbers and abundance categeries of aguatie insect taxa From monthly samples at station 1.
Hovember, and March szmples, numbers of individusls per taxa, percent total numbers per ovder, and
total number of individuals sre shown. Tn August, October, December, January, and April, numbers of
individuals per taxa were estimated as being in enme of five asbundance categories. Total number of
taxa is tsbulated for each month. Class 1limits and symbols for abundance categories are: Re=Rare
i-5; PuPragent $-30; Weiumercus Z1-530; A=abundant 31-5005 V=very abundant 500+,

1970 1871
July sug. Sept, Gct. Nov. Dec, Jan. Mar. Apr, Aug.
EPEEMEROPTERA
Ephemerella doddai 4 A A A 93 A A 208 a A
grandis 2 R 13 4 P 35 N
inermis 4 19 K P 117 A
hyatris R R 4 B P 12 ¥
eoloradensia 6 R
#iblalia 1 b R §
edmundai R
Baetis sp. A 63 ? i ? A
Bpetie partus 4 R R ?
Amelatus P 2
Fhithrogena 4 A K A 413 A A 29 A A
Cinygrde & i3 5 P B 9 r H
Epzcrus
Irai 4 ?
Fronopais ? B P R
Percentage of total numbers &6 41 3
PLECOPTERA
Pteronaresllic R 1 R
FNemoura cinctipes 12 P P 1c A
Hemoura spp. R A ? 2400 v T
Brachyptera 1 i A 5 ke
Leuptrg R R
Aaronewaia R R R
Areynopterys R R & R P 3 R P
Taogenus 2
Diure R kS 10 R R R
Tsoperic i3
Alloperia 8 P P 124 A A 36 A I3
Poraperla R R R
Percentage of total numbers & il 27
TRICHOPTERA
Arotopayche 2 I3 ? k) 65 A W 65 o N
Rhyaeophila R R R 6 N P 162 X
Glogsosoma B R R R 5 R
Brachycentrus 7 P ) ? 19 I3 P 9 ? P
Aligophlebodes R R
Percentage of total mumbers 7 7 2
DIPTERA
Chironomidae 20 4 P i 304 v v 5000 kY A
Blepharoceridae R b4 R P ¥
Rhagionidae 5 P P P 1§ P P 38 i
Simuliidas B N H P 5 ® i
Paychedidae 7 P R 3 8
Fipulidae & 4 p P 6 P 7 i3 P
Parcentage of teotal numbers 22 40 66
COLEQPTERA
Elmidae R 7 R b4
Percentage of total numbers Q <1 o
Total nuber of zaus 15 17 23 18 19 23 27 22 27 i3
Total number of individuals 134 1336 8111

iprobably includes three species: Dosometea, haysd frizida.
¥ IS I HEL, and JTE
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Table 5. Husbers and abundance categorles by taxa of adquatic insects frem monthly samples at station 2.

Total

numher of taza per menth iz tfabulatved. For July, Hovember and M¥March pevcent of fotzl numbers in each
order and total numbey of individuals are shown. Class limits for abundance categories as in Table 4.

1878 1971
July Aug. Sept. dat. Tev. Dac. Mar. Apr. Aug.
3 F k| il 53 A 33 F r
R R P ie9 N 37 X
R b1 &
8 2 H 360 A 139 EN
&
i8 B ?
7 N P R P
40 A r 7 19 ? 168 bl kS
P R
5 23 A 275
38 i 23 P 7 H P
R
13
Percentage of total numbers 53 29 23
PLECOFTERA
FPheronareys R’ z 4 I3 53 4
Pterongreelic R P 3 P 137 A R
mowrs inatiy 20 R 15 R
[l raled spp.i A P
Brachyptera 1
Zz R 4 ¥ g R ES
E R R 2 R
Trogenus i R
Dlura P E R 5 R
Isoperia b H 216 »
7 3 B R P 41 u 54 H R
Percentage of total numbers 3 5 17
TRICHOPTREA
Hydropsyche P 66 P 15 i
Avetopsyche 3 P S B B P g8 P 2
1
4 7 1 4 4 R
i P pie 4 z 4
1 H B R 15 R 130 E E
R 3
® 3 R
1
R R
Unidentified pupase R ¥
Percentage of total numbers G 7 1
DEFTERA
Chironomidae 32 A P A 1350 v 14600 & A
Blepharoceridae 8
Rhagionidae i6 ¥ P P )4 57 A i3
Simuliidae G ¥ R 4
Paychodidae 3 R 3 R
Tipulidae i1 4 4 P i1 r 33 & 4
Empididae i 1
Muscidae i it
Percentage of total numbers 35 59 52
COLEOPTERA
Elmidae R 13 ¥ R R
Fercentage of total pumbers 4 »L 4
Total number of taxa i1 21 p1 18 2 27 30 78 17
Tetal number of insects 188 2383 2435

lprobably includes three species! Basaqueisa, hayst, and



Table 6, lummhers and abundance categories by v szmples at station 3.
number of taxa per month Is tabulated. Hovewber and Harch percent of totzl numbars
order and total nuaber of individuzle are shown., Class limits for sbundence catsgorise as in Table &,

1870 971
July Aug. Sept. Cet. Howv, Mar. Jaly Aug
k4 2 ®
22 A P R )
R
R
R
3 il A A 135 46 P H
117 A 7 E A
Z A " R A
Ironapsia 1 E A E 41 13
Boeiie parvus 25 A A I3 3 o A
dmaletus 3 R 3 R
Percentage of total numbers 61 21 [
PLECOFTERA
Femoura ainotipes i0 A i A 65 2 20 F:S
511 952
2 i 3
2 E '’
Avoynopteryr B B ¥ ) 21 R
Dz ) E
Taogenys R i3
AZloperiz i3 A 1 12 R
Paraperic % R 4 R
Pelteperia 2 R R
Percent of toral puwbers & 62 a2
TRICHOPTERA
dratopsyche R
Parapsyche 12 P b ] 8 i3 ] B
Rayacophila 6 P 4 P L i1 P 7
Slossosona 4 A R P 20 1 A P
e 1 o
i R 3
Ligophisbades 26
erdama R
Doosmoaous R
Percentage of togfal numbers 17 ] i
RTIPTERA
Chironomldas 27 P 4 P 22 5 hi 3
Simuliidae 3 L:S R k8
Tipulidae 12 ity 1 P
Percentage of total numbers i3 4 1
COLEOPTERA
Eimidae d p R

Percentage of total numbers el =1 o

Teral number of taxa iB 18 16 i% 18 i3 19 17

Total number of 80 1148 1104
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Tazbie 7. Humbere spd sbundance categories by taxa of zquatic insects
total numbay of rvaxs per month is tabulated. For July, Hovember
nuwbers in e2ach order and total number of individuals ave shown,
categories as in Tabls 4.

wonthly samples at station 4.
5 parcent of tetal
mits for abundance

1970 1971
July Aug. Sept. Oot. Hov. Mar. APY .
FPHEMERCPTERA
Iia 3 3G 2
& A A A 6% 417 A
18 4
24 25 R
4 LY 2
DAPYHE 35 A A R 61 138 P
R 4 R
tophlebic i3
rted i3 A & A 261 70 A
Dinggmnla 44 £ ? 51 4
Epecrus
Iror Z i P
Irovopsis k4 |3 # 31 4
Parcentage of totsl numbers 57 52 72
PLECOPTERA
Femoura cinetipes 3 i1 N 109 66 ®
Brachyptera A 17% 86 ¥
Louatrg R h:8
Acroneurin R P R 2 4 P
Aroynopleryx B P & 3
7
e 1 B N R 17 28 P
Poraperia ® 3 3 1
Percentage of total mumbers 3 15 14
TRICHOPTERA
Adrctopayche 1 3 B
Pargpayohe 3 P P F 18 24 B
Ehyacophila 5 4 ES b 24 ¥
brachycentrug B
Zlossogoma 4G K P 3 B8/ 40% 1
Heophy Tox
21igophl i 38 R
Diocsmoecus 1% :4 |3 A 1 R
Rodatia P R i3
Percentage of total numbers 23 15 8
DIPTERA
Chironomideae 5 I P B 0 53 B
Blepharoceridae
Simuliidae 1 P R 1 1 o
Paychodidae 1 [ b=
Tipulidae 19 £ P P 5 ] &
Percentage of total numbers 1z & 5
COLEQPTERA
Zlmidae 6 F b3 R 21 2
Percentags of total numbers 3 b 1
Total pumber of taxa is 23 30 15 28 25 23
Total number of insects 213 1254 1319

#0n TRICHOPTERA indicates pupae.
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Tahle &, Yumbers and abundance categories by taxa cof agquat sects from monthiv samples at staticn 5.
Total pumber of taxa per mo is tabulated. For July, Hovember and March percent of rozal
numbetrs in each order and total number of individuels are shown. Class limits for sbundance

categories as in Table 4.

187G 1971
July Aug. Sept. dot. Howv. Mar, Apr. Aug.,
EPHEMERGPTERA
Ephemarall A A 71 37 I
3 R
R 79 1
8 3
1 F 13 4
P 7 k3 3 R
R
e g A )4 43 37 e
5 i
3 H A 223 20 ¥
34 4 N ki1 5 38 B
3 P R
P B 18 R
B z &
Percentage of total numbers T 52 a3
FLECOPTERA
Nempura cinctipes ES P P 38 9 P
Brashynteny 48 7 P
2 3 R
7 ¥ 3 R
3 1 R
R
2 R T 62 5 P
Percentage of roval numbers & 13 14
TRICHOFTERA
Aratopeyshe R £ 3 P
FParvdapayahe z 4 ® ® 7
yacophiic i ] 15 12
logsosoma 7 P N 3/25% 15%
Brachyeentrus 2 k4 5 1
3
1
8 i P
|3 3
P 24
R E
Percentage of toial numbers 8 g 15
DIPTERS
Chironoridase 26 ¥ 7 Bl 267 1% P
Simuliidae 7 & At
Paychodidae 5
Tipulidae 3 1 & '
Percentage of total numbers 17 23 2
COLECPTERA
Elmidae B E F 7 10 P
Percentage of total numbers 3} »i %
Tetal number of taxa 15 iz 17 20 27 23 20
Tetal number of insects 173 1096 248

#0n TRICHOPTERA indd

tAuguet, 1871 - F

cates pupac.
Z 7z cbserved in abundance af station 5.
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Table 9. Numbers and abundance categories by Texa of ageatic insecis from monthly sam = at statiom B. Yo
number of taxa per month is tabulated, For July, Hovewber and March percent totzl numbers in e
order end total number of Indivicuals are shown. Class limits for abundance caregories as in Tahle 4.

1870 1871
July Aug. Sept. Oct. Nov. Dac. Jan. Mar. Apr. sug,
® EY A 70 & A 137 A B
1 R P iai 7
3 R 13 T R 61 A
3 R ® 16
4 R
4 b R s
/32 T W
in ¥ N 5 P 14
R
15 A 130 P A 23 & X
14 P 7 5 ¥ 2z 4 P
0 P X
Ironopais P i R
Percentage of total numbers [S34] A48 i
P 12 I 27 P
4 580 A
12 ¥ H i
1 R
P R P R 2 P
R 7 R 7 i3
i2
3 R P H 5 T P el A 8
R 1 R
a 5 5
4 e P H &3 R e 50 P
R
3 P ? 13 R R 39 ® P
4 R 1 R’ i3
B )4 ? 2 5 R R 7 ¥ 4
1 2
3
B R
Tercentage of roral numbers i1 12 &
DIPTERA
hironomidae 21 R kit 207 e A 1300 A x
Blepharecceridas i
Rhagionidae A B B ke 18 P i3 R R
Simuliidae i F 3 E
Psychodidae R R
Tipulidae 7 R P P 15 P P z7 P P
Percentage of total numbers 20 15 50
Total number of taxa 21 16 16 17 17 15 17 i9 ] 19
Total number of insects 178 &77 2553

1

Probably includes three species:
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s monthly sauples at st

Wumpers and abundance categories by taxa of aguatic insecks
aunber of tazs per month Hulated. For July, Hovenber and
order and total number of individuals are shown. Class limits

roh parcent of

ation
total puw
sbundanee categories as i

1970 1871
Juiy Sept. Oet. ¥ow, Dee ., Fan. Mar. Apr. haig .
11 A A 151 A A 182 A H
2 P & S R EN
4 25 A ¥ i A b8
R H A A 24 P
B
1 P R ES i
51 A P " 2 B T
A P P 4 il R A
2
22 ¥ & 71 A a 73 K P
1f E kit 1 19 P N
N
3 P 3
56 26 30
1 R i1 15
M A 450 P
& i P 7
R R 3 S z ES
3
R R k4 R R
& 1
Z ES £ P 20 A A 53 A F
5 1 R
Percentage of total npumbers 4 & 38
TRICHOPTERA
P R H ® ? E] P B
14 F M K A3 b R sa/25% P
1% P 4 4 13/15% K k3 iz2 R B
3 | 5 i P 2% ® R
1
R 88 ES A 231 X
13 3 B
2
R
Percentage of total numbers 14 18 28
RIPTERA
Chironomidae 52 A 5 A 4735 A A 51 A& &
8lepharcceridae R & S a
Imeterophlebitdas b3
Ragienidae & 2
Simuliidae P b 1 R E
Fsychodidae 16 F ¥ 3
Tipulidae 11 ¥ P P & r 12 P P
Percentage of total numbers 30 45
GOLECETERA
Elmidas 1 R B 4 37 P 14 P r
Percenrage of total numbers 1 4 >1
total number of taxa 17 12 ig 18 27 25 24 24 i8 t4
Total number of insects 20% 1023 1288

lprebably {neludes thrae spacies:

*0n TRICHOFPTERA indicates pupae.
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Table 11. HNumbers and sbundance categories by taxa of aguaric ingeczs from monzhly sawmples =t steticn 8. To
number of taxs par moenth {s tabulated. TFor July, Novesber and Mareh percent of total numbers in

2.
order and total number of individuzals are showm. Class iimits for abundance categories as in Tabl

a

et

i
2oV
e

1

1870 1871
July Aug., Sept, Gct, Nov., Dec. Max. Apy. Aug .
2 N 14 8 21 3
£ R 7 i5 P 3
g 15 P 7 ®
o R R
aderals 7
1lig R R
Baetis sp. A 31 |3 A 2% P 54 A A
Boeits sp. B R P |3 A
Z P
2 R L A 244 LY 287 & s
13 8 P P
b8
Paercentage of totz] numbers 36 32 &7
PLECOPTERA
Pieronarays 46 N M il 32 i3 S R
Preronareeiia P o o B 2 E
Hewpura sinetipes i1 7
2
2
7 P r P 3 s & P F
B B 3 1 ko8
R R 2 R
3
2z
4 » 3 w 27 F
Percentage of total numbers a2 12 ]
TEICHOPTERA
Rydropsyche P s k3
Argtop 4 P S P 4
Rhyacop kil I B 7 4
FlosscBsoms R )
Brachycont 49 N A ? E 2 R
r 13
2
3 R
Percentapge of total numbers 20 4 3
DIPTERA
hlrononidas 2 E E 60 ¥ 70 4 P
lepharccaridae 22 A & o 17 R P
Rhaglonidae H P A 64 ¥ & 2 P
Simuliidae 13 R Z
Tipulidae 21 P A 5 32 ? 23 4 P
Paercentage of total numhers 18 25 21
COLEOPTERA
Elmidan kS 16 1 R
Percentage of total numbers Q 3 »1
Toral number of taxa i4 12 17 18 20 1 23 19 i2

e
o
I

Total number of insects 251 578
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Table 12. Numbers and abundance categories by taza of azguatic insects from wmonthly samples 2t sration 9.
Total number of taxa per month ie rabulated. For July, Hovember and March percent of total
nurbers in each order and toral number of individeals are shown. Glass limits for abuendance
categories as in Table 4.

1970 1971
Fuly Aug. Sept. dct. How, Mar, Apr. Aug.
EPHIMERDPTERA
Ephemerelia doddst R 8 28 P
grandie N 114 141 A
ingrmis [ ® 234 A
Ayatrixz ? 12
acloradenats 37
tibtalie 80 R P
123 b8 ) ES 148 1 4 A
1 B R E 4 4
2 B ] & 326 iG3
40 95 A H
Percentage of toral numbers 5 i3 &
PLECOPTERA
Pieronarcys 67 P A A 1¢ 13 ®
Pierongreella R P A 30 i H
Hemourg einstipes ? 25 1
Hamowve spp. LS P
Broahyptars 1
Aeroneuria [551 P by A 11 ¥ R
Copnta 1 R
Apgyriopterys R 4 1z R
Igoperia P A 53 193 P
Tupre 1 3 R
Alloperia 13 4 4 13 270 R P
Percentage of toral nuwbers P2 2 8
TRICH
i, A A 24
Artar 2 R B A 322 10 P R
Fhyaocor 2 Ed
Closecsoma 1 5
Brgohycentrus 28 ? A ¥ 13 2 I3
Mlorasema R 7 185
Amiocentrus [ R R 7
Radema 2 1 2
Parcentage of total numbers 1 e i
DIPTERA
Chironomidae 2y P P P 2 2z v v
Rhagionidae 75 I3 A § 48 B ] i
Simuliidae T 3
Psychodidae R
Tipulidae 20 P B P i 8 4 i
Percentage of total numbers 97 76 85
COLECPTERA
Elmidas 1 7 2 P
Percentage of fotal oumbers >1 g =1
Total number of tawa 19 14 16 23 24 23 3 12
Total number of insects 5508 5648 5862

f_f Probably includes three species: bDesomebea, hepsi, and [

2f Chironomidae inchuded mapy mud dwelling forms, too mumerous Co coun:. Ihumbers for these months
yere estimated at about 30080, based on density of CRirousmidee in sample from ztation 1, March 1%71.



Tzble 13. Humbers and asbundance categeries by tawa of aguatic Insects from mon
aumher of taxa per month is tabulated.
vrder and fotal number of individuals are shown.

",

for July, ¥Wovembar and Marc

parcent of toral numbears in
Class limits for abundance categories as in Tahle 4.

¥ sawples at station 10,

Tetal
each

1870 1971
July Aug. Sept. Dok, Weov, Dec, Jan, Mar. ApT. Aug.
EPHEMEROPTERS.
Ephemeralle dodd 4 A A 8% A A & A
gran R 23 iz 4 P i7 H
inermis A S 13 A 141 5
Fiyatria R B H R
eoloradensis 5 A
tibialia i4 i R P
admmded i 10 A
Bzetie sp. A #7 A B ¥ it 1 A 321 A A
Ameletus 2 R
Ehithrogenc 52 4 H A 258 ES N 23% ¥
Cimygraila R i1 P P
Ep2oryg
Iron 18 4 F R
Iroropais R ®
Percentage 0f total number 73 14 38
PLECOFTERA
Freronaroye 23 B s A 29 A EN 1 & ®
P 4 i6 4 P 32 ki
13 1.3 P 10 ®
® A 164
12 1 4 1
Ao 17 ¥ P N 1% ® H 33 A R
Arcyropteryr R R
Taoperic 5% N i 171 A
Alicperlc R R ? 75 o M 125 P R
Percentage of fotzl numbers 14 5 2
TRICHCPTERA
Hydropey & A A A 523 A A 125 A
Arotops i A A A 14 A A 53 A ¥
Ehyanophila 31 P P 36 R
G lossosoms 8 P » 5 b
Brashycentrus 3 4 3 P a3 kS 17 N 3
Micrassma 3
Amiozentrus 1 R R
Radema &
Percentage of total numbers & 52 11
DIPTERA
Chironomidae 6 a P a 540 A A 620 A A
Blepharocerldae g P R 31 H 3 1 P P
Dueterpphlehildas 2
hagionidae 4 il H & & W P 17 B ¥
Simueiiidae ¥ i ? in A A 5 P ®
Tipulidae 2 151 ® A 34 H K 23 i3 P
Fercentage of total numbers 7 28 30
COLEOPTERA
Elmidae P 2 i
Percentage of total numbers G 4 ES A
Total number of tawma 18 20 17 18 24 24 23 27 27 14
Total number of inseects 281 2768 2257

iprap ably includes three

specias:
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Tahle 15. Velumes of aquatic insects messured to the nearest0.5 ml.
Yolumes less than .3 wml are recorded as T {trace}. Means
represent mean volumes caleulated from the wvalues of months
not marked with asterisks.

Ephemer— Placop— Trichop~

Starion Month optera tera tera Diptera Total
1 Jan.*1571 4, 3. 1.5 5. 13.5
Apr., 1971 10, 8. 2.5 3. 28.5
July 1970 0.5 T T 0.5 1.5
Aug. 1970 1.3 T 3. i, &,
Sept. 1970 1.5 T 1.5 1.5 .5
Gct. 1970 1.7 T 1.5 1. 3.5
Dac.%1970 4,5 1.5 1.5 5.5 13.
Mean 8.3
2 Mar. 1971 7.5 11, 8.5 g, 35.
. July 1970 0.5 T T 0.3 1.
Aug, 1970 0.5 T T i 1.5
Sept. 1970 0.5 G.5 1. 0.5 2.5
Ges., 1970 0.5 0.5 0.5 i 2.3
Dec . *1970 3.5 2.5 1.5 4 11.5
Mean 8.5
3 Mar. 1971 2.5 6. 1.5 T 10,
July 1970 i, 0.5 0.5 i. 3.
Aug. 1970 1.5 g.5 0.5 i 2.5
Sept. 1970 3.5 0.5 2.5 T 6.5
e, 1970 3.5 1.5 2. T 7.0
Mean 5.8
4 Apr. 1571 2.5 1.5 L. T 5.0
July 1970 1. T 1. i, 3.
Aug. 1970 &, 0.5 2, G.5 7.
Sept. 1870 1.5 1. ¢.5 1. 4,
Oct. 1870 0.5 1. 2. 4.5 &,
Mean 4.6
3 Apr. 1971 1. i, 0.3 T 2.5
July 19870 1. T T 6.5 1.5
Aug. 1970 1. 0.5 0.5 T 2.
Sept. 1970 1.5 T i T 2.5
Oct. 1970 1. 0.5 0.5 G.5 2.5
Mean 2.2
& Jan.*¥1971 Z. 0.5 G.5 1. &,
Apr. 1971 4,5 Z. G.5 i. 8.
July 1970 i T 0.5 0.5 2.
Aug, 1970 I, T 0.5 T 1.5
Sept. 1870 Z 0.5 1.5 Z. &



Table 15. {(Continued).

Fphemer~  Plecop~  Trichop-

Station Month optera tera ters Dptersa Total
Ocot, 1870 2 6.5 1.5 1.5 3.5
Dec.*1%70 3.5 T T 8.5 1.

Maan 4.5
7 Jan.®1871 6. 3. 3. 5. 17.
Apr., 1871 2.5 1.5 i. 1. 6.
July 187G i, T T 0.5 1.5
Aug. 1870 2. T i.5 0.5 &,
Sept. 1970 0.3 0.5 1. G.5 2.5
Gct, 1970 0.5 0.5 G.5 i. 2.5
Dec. %1970 3.5 2.5 1.5 4, 11.5
Mean 3.3
8 Apr, 1971 1.5 G.5 T 1. 3.
July 1970 1. 3. 8.5 6.5 S
Aug. 1970 0.5 0.5 T 1 Z,
Sept. 1970 0.5 7. 0.5 i 9.
Daec. 1870 2. 4. 0.3 1.5 8.
Mean 5.4
£ Apr. 1971 7. 3 0.5 4, 14.5
July 1970 1.3 & i. 2. 16.5
Aug. 1970 1. T T Z. 3.
Sept. 1970 T 10.5 4. 3. i7.5
Get, 1970 1.5 6. 3 3.5 14,
Mgan 11.9
10 Jan, ®*¥1971 Z. 9.5 28.5 4., 44,
Apr. 1971 4. 34, 29, 3.5 70,5
July 1870 T 3.5 1. L. 3.5
Aug. 1970 G.5 3.5 0.5 1. 5.5
Sept. 1970 1. 6. 4,5 1.5 13
Oct. 1970 i 18. 3.5 1.5 26,
Dec.®*1970 2.5 i7. 2L, 3.5 &4,
Mean 246.6
11 Jan. #1971 6.5 7.5 13,5 5.5 33
Mar.®1971 24, 23, 79. &, 133
Apr. 1871 g. 22, 35. 5. 1.
July 1970 L. 1. G.5 0.5 3.
Aug. 1970 T 7. 3.5 i 1.5
Sept. 1870 0.5 5. 3. 3. 11.5
got. 1970 6.5 42, 8.3 1.5 52.5
Dec,®*1970 4, 18, 3z 3. 57.
Mean 29.8
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25 well as a higher percentage of fali-maturing species, pariticularly
fvhemeroptera,

Fauna of the upper stations {three, four, and five) on tha Wegt
Fork were dominated in numbers and biomass by Ephemercptera and
Plscoptera, Together they comprised 79% of the total numbar of in-
sects collected in July, Wovember and March samples, and 67% of the
measured volume. Fhithrogena robusta, Cinygmula sp., Evhemerells
doddst, Baetis parvus, Irow Longimarue, Irvonopsis 8p., Brachyptera sp.,
deronsuria theodora, Nemowra cinetipes, and Arcynopterys subgenus
Megarcys were prominent taxa,

P

Less common Ephemercptera included Ephemerellia eoloradensis,

E. tibialis, F. spinifera, and imeletus Sp. Less common Plecoptera
included Diwra knowltoni, Isogenus modestus, Leuctra sp., Alloperla sp,
and Peltoperla sp. which was restricted to gtation three. Trichoprera
were represented primsyily by Fhyacophila svp., Limnephilidas, espe-~
cially Glossosoma, and Parapsyche elsis. Dipters were present in small
numbers at these stations in contrast to the lower starions.

Samples from strations six, seven and one on the West Fork showed
an increase in Diptera and certain Plecopisra, especially Chironomidae,
Alloperla spp., and Nemourg spp. The most numberous of the Vemowura
uyusphs collected was probably besumetsa (David Burns, unpublished data).
The large inecrease in numbers of Diptera was reflected in a decrease

in the percent of total numbers composed by Plecoptera and Ephemeroprera,
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For July, Hovember and March samples from these stations, Fphemer-
optera and Plecoptera together contributed 397 of the total pumber of
insectg collected and 527 of the measured biomass, At stations six,
seven and one, Diptera {(mestly Chircnomidae} contributed 58, 25, and
64%, respectively, of the total pumber of insects collected in July,
Novamber and March,

Prominent mayfly taxa at stations six, seven and one included

Ephemerella doddsi, Fphemerella inermis, Ephemerella hystris, Cimyemula

o

8p., Baetis spp., and Rhithrogena robusta., 4 Loperia and Nemoura spp.

were the most numercus Plecoptera. Acroneuric Spp.; Arcynopterys subg.,
Megarcys ep., Diura knowltonm?i and Iscgenus modestus were among less
numersus Plecopteran taxa. Most prominent Trichoptera were Glossosoma
and Uligophlebodes (Limmephilidae). Other numerous Irichoptera in-
cluded Fhygoophila spp., Arctopsyche sp., and Brachycenirus gp. OF
Dipteran taxa, Chironomidae were most numersus, particularly at station
one, where they seemed to be associated with the heavy spring bloom
of Hydrurus,

Large Plecoptera (Preronarcidae) and large Trichopteras (Hydro-

.

peyche and Arctopsyche) were primacvily responsible for the high standing

£

biomass) in spring samples from srations ten and eleven, where
(=3 2

3

EODE
they reached their greatest abundanca, At station tem in April 1971,
Plecoptera and Trichoptera contributed 48 and 41%, respectively, of a

total volume of 70.5 ml, while 4in the April 1971 sample from station



e
gleven, the percentages wevre 31 and 49 of a toral wolume of 71 wmi.
Prominent Plecopteras at the West Gallatin stations dncluded Pleronaroys

> @

californica, Pteronarcella badia, Acoroneuric pacifica, Arcynopteryz
parallela, Isoperla spp., Alleperla spp., and Nemoura spp. Diurg
knowltoni, Isogenus modestus, and Brochypierg sp. wers uncommon af
the West Gallatin stations.

In addition to Hydropsychidse, Trichopreraz were well represented
by Brochycentrus, Micrasems, Amiocenirus {(Brachveentridae) and
Bhyocophila spp. Limnephilidas, prominent in the West Fork, formed a
very small component of the West Gallastin fauna.

Ephemerella was the most numercus mavily genus in the West Gallatin,

with an extensive species complex. The most prominent speciss were

p

inermis, edmndsi, doddsi, hysirdim, and grandis. Fhithrogena robusta
and Baetis sp. A (including individuals of the genus Centroptilum, were
alge prominent throughout the sampling perdied.

Diptera were prominent at statiens on the West Gallatin, the most
numerous by far being the Chiromomidas. Tipulldas were common, and
Atheriz variegatc was a very significant component of the faunal com-
plex. Other less promisent Dipters included Muscidas, Dustercphliebiidae,
and Empididae. While Simuliidae were net found in grear nusbers in
many samplesz, they were chserved in fhe frequency caregory of "Abundane”

in Auvgust, December, 1970 and January 1971 sasmples from station fen.

They were alsc observed at a high density iun February 1571 at station



B
ven and in August 1971 fust balow station five.

Coleoptera (Blmidae) were found in small numbers throughout the
study area except at station six (South Fork). They contributed
little te¢ the standing crops of insects {(Table 15}, zo volumes were
not measured,

Insect diversity was calculated for each sample taken in March,
July and November. Station three had the lowest monthly diversity
index, 1.86 units in March 1971, while statdon five had the highest,
3.9% units, alse in March 1971, Other stations with relatively low
menthly diversity dndices included station one, 2.30 in March 1971:
station eight, 2.35 in July 1970: and station nine, 2.09 in July 1970,

A ome~way analvsis of varisnce showed no significant sessonal
differences in insect diversity indices betwssn samples taken in
March, July or Hovember {(significance level = ,053).

fverage station diversity was calculared for easch station using
the previcusly stated formula., Table 16 shows average station diversity
ranked in order of descending magnituds and average number of taxa per
station. At stations one and nine, those with the lowesi average
diversity index, the fauna, although having a good species complement,
characreristically included one ov two taza which were extremely
abundant {Chironeomidae and Nemowura).

In comparing the rankings of stations based on average station

diversitv dndex versus the sverage number of taxa {(Table 18), it is
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Tahle 16. Average station diversity and average numberg of taxs per
station in independent rank order. Average number of taxa
were computed from Mareh, July and Hovember samples
{tables & through 143.

Station Average Diversicy Station Average No. Taxa

3 3.36 10 23

7 3,20 2 23

4 3.08 7 22.7
10 3.00 4 22.3
2 2,92 9 22

8 2.92 5 21.7
8 Z.56 i1 21.3
3 2.52 & 18
11 2,43 g 19

9 2.43 i ig.7?
i 2.16 3 16.7

apparent that the diversity index calculated by this squation is rela-
tively sensitive fo numbers of individuals. Winhlm (1967; discusses

this sensitivity at some length, and compares this parvameier to others
which were designed to perform a similar function. BSome of the stations
having the highest numbers of taxa per sample had a relatively low di-
varsity index, due to a greater number of individualis per taxa. In
examining this dats, this trend seems to follow a downstream directiom,

beding apparent at stations one, nine, ten and eleven.

Physical~Chemical Parameters
Table 17 presents measurements of current speed, depth, and width
of the stream at each station under low flow conditions. Figure 2

presants substrate composition as percentage of the total bottom
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Table 17. Values for physical parvameters measured under low flow
conditions. Depths on station seven were not taken due
to the channel alteratioms.

Current {m/aec) Dapth {om) Width (m)
Station Average Range Average Range Average
i 42 L15-.61 26 15-38 10.5
2 41 o2h4-.52 41 30-54 40
3 .15 12-.24 10 420 4.5
4 .32 o 19~ .64 21 1228 Z.5
5 225 «18=-.39 28 16-50 5.5
& -39 LA1-.73 33 14-52 5.5
7 45 21561 was e 5.0
3 .52 12-1.08 35 18-49 40
9 .15 09,21 15 F-23 5.9
ig 45 15~ 73 17 &-36 30
11 .58 L15-1.15 # 0-45 30

*The large size of the substrate at station eleven increasss
variations in depth in any given area, making an average
relatively meaningless.

surface covered by each size class of particles.

Statione three and nine formed a group distinct from the other
stations in terms of these physical pavameters. At both, pebbles were
the dominant substrate, current velocity was lower and more uniform
than at other stations and depths were less than at all other stations.
Thege stations differ from each other in their proxzimity to the West
Gallatin, temperature regime, aufwuchs, and bankside wvegetation;
station nine being in 2 willow-sage flat and station three having

mixed conifers along the banks immediately above and below, and

grassy meadows farther from the creek bank,
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At stations one, two, four, sixz, seven, eight and ten, cobble is
the dominant substrate class, while at stations five and eleven small
houlders form the dominant substrate. At station five, eccurrence of
houlders is restricted to a small ares immediately below the bridge,
and 1s probably due to conmstriction of the stream channel by the bridge
footinge, with resultant downstream scouring. At station eleven, occur-
vence of small boulders is widespread and a reflection of increased
volume and spead flow.

There was considerable overlap of current speed amont all
gtatione other than three and nine, with stations eight znd eleven hav-
ing the highest average speed. This is reflected in the incrsased
size of substrate particles. The cobble at station eight was very large,
almost the size of small boulders.

Table 18 presents data on total alkalinity and temperature. The
highest temperature observed was 13.2° C at station eight on July 6,
1971, It has been shown that maximum femperatures in small, stony
streams of temperate regions cccur in mid-afterncon and that diurnal
vaeriations rarely exceed 5~-6° C (Macan, 19%58; Edington, {1966). Maximum
temperatures in the West Gallatin probably do not exceed 15 to 16% C in
the gtudy section. Edington (19663 alsc found thal summer temperatures
of small streams could vary considerably over relatively short dis-
tances, depending on the degree of screening from direct isolation,

I¢ seems likely that maximum summer temperatures in the upper West Fork
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are slightly cooler than in the West Gallatin, due to screening of
insolation by vegetarion and topography.

The temperature regime at stations two, ten and eleven on the
West Gallatin may be affected by the lnput of a large warm spring
{temperature 12-13° C, Dr. G. Roemhild, personal communication) Jjust
below the confluence of the West Fork and the West Gallatin. Tempera-
rurs measurements in Table 18 for July and August did not indicate
alevation of summer temperatures; however, those for September,
October, February and March indicated a moderating effect in £all,
winter and sarly spring.

Bottom ice, which may be a factor influencing winter survivael of
aguatic insects (Hynes, 1970), was not cbserved at stations two, Cen
or eleven during winter sampling, while bottom ice of a frazil nature
wag observed at all stations on the West Fork for which winter samples
were taken. Station eight on the West Gallatin and upper stations on
the West Fork were subject to ice cover from mid-December to early
March. S8tation one on the West Fork was ilce~covered for a shorter peri-
od, while stations two, ten and eleven were notl subject te ice cover
ar all.

Waters of the West Gallatin drainage are predominately calcium
bicarbonate in mature. In the study section, alkalinity ranged from
0.8me/l in the Worth Fork to 3.0 me/L at station eight on the West

Gallatin (Table 18). Alkalinities in the North and Middle Forks were
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congistently lower than those in the South Fork and West Gallastin,
reflecting the ignecus nature of the North-Middie Fork drainags.
A£lkalinities at a2ll stations were highest during winter, when basze {low
conditions were obtainad. Values of pH were batween 7.5 and 8.8 through-
out the study section, the highest value occcurving at station eleven,
Ammonia, nitrate, ¢-phosphate, chloride and sulfate concentrations in
the West Gallatin drainage were very low and the water was of high
quality by health and esthetic standards (Mentana State University,

19723,

Piant Material

Volumes of algse and detritus retained in the cod of the sampler
are shown in Table 19. Volumes at the upper stations of the West Fork
were compoged of mostly allocthonous detritus, while lower stations
contained more filamentous algae. Based on the volumes determined and
gbservations on the other samples for which velumes were not measured,
it appears that the amount of plant material in the aguatic ecosvaten
increased in a downstream direction, an exception being station edght
on the West Gallatin. Also, volumes were greatest in the ezviy spring
and least in the Sumﬁer after runoff had occurred. In his analysis of
factors affecting stonelly distribution in the Yellowstones River,
Stadnyk ({1971) encountered similar seasonal changes in the sufwuchs
gommunity., This he sttributed to scouring action of ice and silt on

the aufwuchs.
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Takle 19, Volumes of plant material (in milldiliters) caught in the cod
by station and months., Composition is given in descending
order of visual prominence. Diatoms were ublauizous through-
out the study area.

Station Month Yolume lant Composition
1 Jan. 625 fitamentous algae, detritus
Mar. 1000+ filamentous algae, detritus
Aug. 100 filamentous algae, derritus
2 Aug. £5 filamentous algae, detritus
Dec, 193 filamentous algae, detritus
3 Aug. 25 detritus
4 Apr. 85 detritus, filsmentous algae
5 Apr. 260 detritus
& Apr, i35 filamentous algae, detritus
Aug. 35 filamentous algse
7 Apr. 55 filamentous algae
Aug. 44 detritus
Dec. i0s filamentsous algae
g Apr. 85 Nostoe, detritus
Aug, 25 Nostoo
Dac, &0 Nogtoo
10 Apr. 240 filamentous algase, derritus
Dec. 180 filamentous algae, detvritus
i Jan. 205 filamentous algse, defritus
Mar. 500 macrophytes, filsmentous algsze,
detritus
Apr. 2564 macrophytes, filamentous algae,
detrritus
Aug, 120 filamentous algas, macrophvies,
detritus
Dec. 300 macrophytes, filamentous algae,

detritus
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The algal community in the West Fork was visually dominated in

the late winter and esrly spring by Hydrurus, in the summer by
Spivogyra. These two also occurrved in the West Gallatin, but were not
quite soc noticeable., Diatoms cccurred an all stations, but were sspe-
cially noticeable at station nine, where they formed heavy encrustations
on the substrate. Aufwuche at station eight was visually dominated by
Nostoe. Development of the sufwuchs community was greatest at station
eleven, the only station at which macvophvtes were noficed. This was
probably attributable o the increased stability of the larger subsirate

and freedom frowm ice cover at this station.
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Distribution of Aguatic Insecis
Hynes (1970} and Macan (1961} discussed z complex of factors
which affect the composition, nuwmbers and distribution of a stream's
insect fauna. Included were current speed, substrale, Iemperature,

&

digznlved substances, suspended subatances, flow regime, light, [ 5
geography and various biotic factors, such as predation and interspecific
competition. A tremendous volume of literature now exists on the inter-
action of these and other factors in derermining the distribution and
sbundance of agquatic insects.

Current speed mav well affect stream insects more through its re-
lationship to substrate and food availebilicy than directly. Ambuhl’s
{1959} discovery of a boundary laver of slow-moving water at the sub-
gtrate-water interface may explain many of the unsuccessiul attempis
to correlate species' micro-distribution with current. Chutter (1969}
used three diffsrent gampling regimes in studying current-organisnm
relarionghips. By partial rvegression snslysis, he found significant

-
7

current organism relationships {907 level) for Chewntopsyche so.
{Trichoptera) and Simuliwm sp. (Diptera) in samples collected at the
same site on the same dav. DUata from diffevent starions collected on
the sams day failed fo show any significant regression, nor 4id that

rakan from the same station over & three-month period of time., Thess

raaults would seem to indicate that the interacrion of current wirth
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cther factors peculiar to sach location is more significant than the
constant physical effect of current on organisms. Knight and Gaufin
{1964 did find that current plays a significant role in respiratory
physiology, certain Plecoptera being more tolerant of low dissolved
oxygen concentrations when current velocity was high.

Seott {1958) cbserved that Hydropsyche fulvipes was most numerous
where the current was over forty centimeters per second, while
Glossocsomg was most pumercus in moderate current (twenty centimeters
par second) on small cobble, Distributioms found in this study
agree with his vesults, Glossosoma gp. was more numerous at stations
on the West Fork which had somewhat smaller substrate particles, while
Hydropsyche and Arctopsyche were most abundant at station eleven,
which has the highest average current speed and the largest sized
substrate.

Kdington (1965) also found distribution of net-spinning
Trichoptera related to higher current velocities, and Zahar (1951}
found the distribution of Simuliidae related o curvent paltern,
larvae being most numerous in areas of non-turbulent flow. Station
ren had a pon-turbulent current pattern, which may be a partial ex-
planation for the aggregation of Simuliidae there in winter samples.

Substrate is one of the mest basic features of an aguatic bilo-
tope. Thorup {1966} suggested that substrate be used to delimit

aguatic biotopes as an easily recognized elemental feature of the
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environment. Enight and Gaufin (1987} used substrate and stream size
as basic features in their division of the Cunmison River in Celorado
into several siream types. They found that certain species of stone-
flies were peculiar to each type.

Limiting consideration to stony substrates, Hynes {1970) stated
that the larger the stones, the more diverse will be the invertebrate
fauna, presumably due to increased stability of the substrate, as well
as a wider size range of crevices and interstitial spaces, inviting
presence of a wider size range of organisms. Of the twe stations with
pebbles predominating, station three had the lowest average number of
zaxa (16.7), while station nine had close to the highest {22.0}., How-
gver, station nine had much more available food, both as detyitus and
autochthonous material. Station sleven, with a higher percentage of
ingects in the larger size classes, aiso had the largest subsirvate.
Substrate size composition is closely related to current, thus a
relationship between current and the size distribution of organisms
ig logicael. However, a great number of smail organisms were alsc
present at station eleven,

An effect of substrate size on standing crops may be indicated
at station eleven. The high stability of the substrate allowed
maximum development of aufwuchs and provided sz maximum number of

niches for eorganisms to ocoupy {Hynes, 197G3).
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The effect of temperaturs on the distribueion of aquatic insects
has been sxtensivelv investigated and discussed, and is undoubtedly of
primary importance, both directly and indirectly. Minshall (1969)
concluded that temperature was effective in determining the distri-
bution of Plecoptera in =z headwater stream. Knight and Gaufin {(1966)
considered temperature gignificant in determining Plecoptera distri-
bution in =z section of the Guonison River, a trout stream dn Colorado.
Kemler (1965 concluded that temperature was significant in the dis-
tribution of Fphemeroptera and Plecoptera in Polish streams. Data of
Vincent (1967} indicated that species composition of the insect fauna
of the Gibbon River in Yellowstome Park was affected by the heating
of the river by thermal waters. It appeared that Ephemerella grandis
and Hydropsyche sp. were limited by lower temperatures at his upper
station. The distribution for these two species in the present study
fellows the same pattern, for both were most numerous below the in-
fluence of the warm spring, Z. grandis reached its maximum density
at station sleven, followed by station nine. Stationm nine is
admittedly zbove the warm spring area, but it is subject to consider-
able warming in late spring and early summer, being shallow and
completely exposed to the sun, It also provides an abundance of
vray organisms for the carnivorcus numphs. This may be proposed as
evidence that food is the most significant factor in determining

disgribution of this species within ewisting physical limits. Humbers
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of Hydropsyche were greatly reduced asbove the area of the warm spring.

The presence of ice, both bottom and surface, is related to tempera-
ture. Effects of ice on stream insects are not well documented,

Gaufin (1959) reported a drastic reduction in benthic insects following
severe bottom icing conditions in the Provo River, Utah, while Brown,

2t gi. {1953% found bottom ice of a frazil nature to have 1litile 11l
geffect on bottom insects, although surface ilece, when 1t trapped them,
k¥illed them. Reimers {1957} attributed a reductlon in benthic insects
ro esxtensive ice and snow cover. Gard {1963} has shown that ice and
SnOW cover can serve to insulate a stveasm from supercooling. Vincent
{12673 also concluded that numbers of Insects were reduced by the action
of surface ice, especially Hydropsyche. The distribution observed in

my study area agrees with hiz findings.

Surface ice appears to be very significant in relstion to numbers
and bicmass of benthic dnsects in the West Gallatin drainage. Station
gight on the West Gallatin and stations above one on the West Fork were
gubject to extensive ice and snow cover Irom December to March or April.

tations two, ten, and eleven were not subject to dce cover at all, and
station one had liztle surface dice, although bottom ice was cbsarved.
Ice cover at station eight became very thick, sizty centimeters or more,
while ice at upper statlons on the West Fork was not as thick, but had
more snow cover. Insescts could have been subjfect to crushing or

freezing bv surface ice, zs well as scouring by drifting surface ice
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in the spring (Stadnvk, 1971). Station eight had the lowest average
standing crop of all stations on the West Gallatin, while stalfion one
had the highest average standing crop of all stations on the West Fork.
Ice and snow cover could also affect stream insscis by reducing auio-
chthonous and allochthonous food supplies; assuming, of course, thar
food ever becomes critical or limiting to stream insects.

Food 4s & major factor in the distribution of agquatic insects
{Ulfatrand, 1968: Minsghall, 1967: Scott, 19583, Egglishaw (1954}
demomstrated that picrodistribution of some aguatic insects could be
significantly corrvelated to the distribution of organic detyritus on
the bottom, Using 2 series of experiments using shallow metal pans
filled with rocks, leaves, and rubber strips, he determined with
reagonable certainty that the observed distributiom was relative to
food supply, not cover.

Species’ food habits often influence both micre- and macrodistri-
bution. Scott (1938) attributed the microdistributicn of Gilossosoma
to its diatom grazing habit, by virtue of the fact thar larger stones
tended £o have more filamentous algase and moss. Knight and Gaufin
{1966) concluded that Arcynopteryx parallela was excluded from higher
slevarions because it consumed more plant material, while 4. sigunaia,
being more carnivorous, was found at higher elevations: however, data

collected by Richardson {(Richardson and Gaufin, 1971} 4id not bear out

that conclusion.
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Richardson (Richardson and Gaufin, 1971) found evidence of prey
selection by Aroynopteryxr parcllelc against Simuliidae, while 4.
gignata took them frequently. It is reasonable to expect distribution
and numbers of carnivorous species to follow distribution and abundance
of prevy species.

Several authors have indicated that allochthonous materizl and
detritus is the major food scurce of many, if net most, aquatic insects
{Minzhall, 1967; Richardson and Gaufin, 1971; Demory and Chapman, 1963},
In the present study it Is notable that the highest standing crops of
insects {(Table 15) occurred at those stations with the greatest volumes
of plant material, both allochthonous and autochthonous (Table 19).

The relationship between filamentous algae, Nemowura spp., and
Chironomidze at station one is obvious, and station eleven had high
plant volumes asscclated with high insect standing crops.

It is doubtful that water chemistry affected distribution of
aquatic insects din the study area. Differences in primary productiviiy
are more likely to be due to the influence of other factors, i.e.,

iight, temperature, and substrate,

Life Historiesz of Aquatic Insects
Species’ 1ife histories are significant in interpreting fluctu-
aticns in numbers and changes in kinds of orgsnisms. Changes or
differences in envirommental conditions can be reflected by changes

in dominsnt organisms, leading to varving patterns in seasonal
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fluctuations (Hvnes, 1961l: Ulfstrand, 1968). Hynes (1970} discussed
1ife history phenomena and categorized types of life cvcles among
aguatic insects. Varilstions in univoltine development include both
slow and fast seasonal development. Many aquatic insects follow these
patterns with varicus degrees of modification. Slow seasonal organisms
are thosge in which the eggs hatch shortly after deposition and growth
ig gradual over a relatively long pericd until emergence. This type is
typlified by Ephemerella doddsi and Nemoura cinctipes (Radford and Hart-
land~Rowe, 1971). TFast eseasonal organisms have an extended guiescent
period in the egg stage, perhaps overwintering as such, then a shorter
pericd of rapid growth from hatching to emergence, This type is axem-
plified by Nemoura besametsa and Ephemerella coloradensis (Hartford-
Rowe and Radford, 1971). Interpretation of size frequency data is
complicated by specles' variation in length of hatching and emergence
periods. TFor example, many species of Rhithrogena have z very long
emergence periocd, thus nvmphs of all size classes may be found through-
out the year. Others, apparently among which is Ephemerelia tibialis,
have a much shorter emergence period and nymphs are more uniform in
gizge for each year class.

Table 20 gives life history data for some taxa cccurring in the
study area for which 1ife histories have been determined by analysis

of size distributions of nymphs or by other investigators.
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Table 20, Life cycle patterns of some univoltine insects found within
the study area, based on size distributions and occurrence
of nymphs and larvse, and 1ife history studies by Hynes
{1961), Scott (1958), Ulfstrand (1968), Gaufin (1959), and
Radfoerd end Hartland-Rowe (1971).

Observations of Developmeni  Emergence
Taxa Small Individuals Slow Fast  Period
Ephemerella inermis September X June~July
doddsi August X Jung—Aug.
grandis  August ¥ June~Aug.
edmandst Decambar X May~June
hystriz October b4 May--June
coloradenst April X Avg,~Bapt.
Iron Longimanus not obs. X Aug.—-Sept.
Rhithrogeno robusta 21l ysar ) May-Sept.
Cinygmula sp. October X Aug.-Sept.
Ameletus sp. not obs. X Apr.-May
Pteronareelia badia September % June—July
Nemoura sincéipes October p:4 Apr.-May
Hemours #p. Decsmber Y Mar.-Apr.
Brachuptera sp. Cectober X Apr.-May
Hydropsyche sp. C July X June=-July

Small Ephemerellc inermis were taken in September and subsequent
fall samples at several stationms., They became zbundant in some November
and December samples, indicating that a high percentage of eggs hatch
in the fa1l. The nymphs appeared to have grown little over the winter
months. It is possible that development of some eggs was delayed until

January or February, as numbers reached a maximum at station eleven in
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March. This could be dus te late winter recruitment from egge, drifn,
sr the presence of ancther specles, l.e., Ephemerellq infrequens, which
ig practically impossible to distinguish from K. Imermis in the nymphal
stage {Dr. G. Roemhild, pevrsonal communication}. A few large nymphs of
this type were taken in July, thus the peak of emergence must have been
in June and early July.

The life cycle of Ephemerella doddsi in the study area seemed to
coincide with the 1life cycle determinations made by Radford and Hari~
land-Rowe (1%71). Small nvmphs were present in August samples, numbers
increasing through the fall as hatching progressed. The nymphs appeared
to grow throughout the winter at a reduced rate. Growth in spring was
rapid to maximum size in June and July. A few very large specimens
were taken as late as Augusi, indicating a long emergence periocd,

Small nymphs of Ephemerella edmundsi showed up in December
samples, and numbers increassed through March. Large specimens were
not seen in July, thus emergence had occurred by that time. It appesars
that most F. edmidsi overwinter in the egg stage, at least until late
January.

Ephemerella hystrix followed a similar pattern, except that small
nymphs were ssen as early as October., Numbers increased in Novembsar
and December samples, and ar some stations reached a spring maximum.
Largest nymphs were taken in April, as no May or June samples were

collactad due to high water.
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Bphemerella coloradensis is a fall emerging form. The nymphs
hateh in early spring and mature through the summer. Emergence occurs
in ZSeptember or late August.

Rhithrogena robusia is known to have a long emergence period (W,

L. Peters, personal communication). Nymphs of various sizes were pre-
sent togethey throughout the vear. Other Fhithrogeng species could be
present, although none were identified.

Small nymphs of Irom lLongimanus were not observed, but wmature
nymphs were collected in August and September, indicating fzll emergence.

Small nymphs of Cimygmula sp. were taken in October. They increased
in average gize and pumber through spring and summer fo maturity in
August and September.

Small Ameletus nymphs were not observed. However, fairly large
Ameletus were collected in fall samples, and mature nymphs were sesn
emerging in April, 19271 at station eleven.

Small nymphs of Pleronarcella badia were taken in September. It
appears that most eggs hatched by November aznd numbers of nymphs de-
ereased from that time into spring, but this trend is not consistent
at every station. Adults were observed in June and July, but speci-
meng were not collected.

Nemoure cinctipes s a slow growing species. Nymphs hatched in

garly fall and matured in March and April, emerging in April and May.
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There 1s a complex of Nemourg species which includes at least
haysi, besometsa and frigida (David Burns, unpublished data) that are
not dletinguishable as nymphs. These begen appearing in December and
continued to incresss 1n numbars until March. Adults were present
March through July (Burns, unpublished data). Hynss {1970) and Radford
and Hartland-Rowe {1971) discussed at length the possibility of inter-
specific competition between such closely sllied species and mechanisms
for avoidance of competition for available space and food.

Small Brachyptera nymphs appeared in fall samples and numbers
increased Iin spring, particularly at station three, iIndicating that
hatehing may continue thyough most of the winter, Mature nymphs were
taken in April and were not seen in July samples.

Apparently eggs of Hydropsyche sp. hatch in early summer, since
small larvae were taken in July., The hatching period appeared to be
long, numbers of larvae increasing from summer te fall, Hydropsyche
regched maximum numbers in November at station ten and in March at
gtation eleven. The pattern of numbers at station ten is typical of
& univoltine crganism which has a long growth period, 1.e., 2
gradual increase in numbers through recruitment until 2z maxdmum is
raachaed, then a decline due to mortality until emergence, Possibil-
ities for an explanation for the spring maximem at statlon elaven
include sampling srror, habitat selection, and drift. Since Waters

{1961y and Bishop and Hynes {(1%869) found Trichoptera to be reletively
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uncommon in drift, it is most likely that sampling variation or
habitat selection is responsible.

Life histories of other prominent organisms have been determined
by other investigators or can be extrapolated to a certain extent from
the data. Holdsworth (1941} determined Plerownarcys proteus to have a
four year life cycle; one year In the egg stage, three in the nvmphal
stage. FPtevonareys californicsn taken in this study appeared to follow
the same pattern. No explanation is readily available for the low
numbers cf one and two year aymphs of P. egliformica from July and
Aupust samples on the West Gallatin. The possibility of habitat
aelection seems the most likely.

Aretopsyche sp. and Farapsyche elsis have at least two vear 1ife
spang a8 larvae, large individuals being observed in auvtumn samples.
Glossosoma sp. also appears to have a two vear life span, overwintering

in the pupal stage after its growing pericd.
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In continuing & study of aguatic insects in this ares, effoxt

swould be best conscntrated on sutwmm and spring samples, as sampling

efficiency in relation to numbers of taxa per sample was greatest in
this period., In addition, the nymphs are large enough tc De mow
readily identifisble. Considering the volume of material ohiained
from 2 0.5 meter square sample and the tediousness of separating
insacte from debris, 2 more profitable method might be that of
sampling individual rocks, especially in the largser size classes, o

“kick! samples mentioned by Macanm {1961}, which have been shown To
provide adequate representation of the species compositlon of insec

communities, Gaufin and Tarzwell (L956) found this to be a reliabls

[#]
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i
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indieator of the trophic or pollutional state of aguatic
commnities, Tha quantitative wvalus of Surber samples 18 at Dest
queationakle (Needham and Usinger, 1856).
Tnsecr communities within the study area seemed typicsl of

those expected in rocky, mountain streams. Taxonomic composition
variad along the gradiemt of physical conditions messured and
distinetions could be made. Communities at upper stations on the
West Fork (three, four, and five) were domlnated in umbers and bioma:
by Plecoptera and Ephemeroptera. Limnephilidas were the most common
Trichdptera. Downstream of station, Diptera increased and species

composition of the insect fauna changed. In the West Gallatin, new

m



Y.

additions were made to the species complex and the fauna was dominatad
by vet different taxa. Higher standing crops wers present in the
starions downstresm of the West Fork. The datz points fo a moderation
of physical conditions, coupled with changes in the nature of the

stream, as causative agents for observed disitributions of insescis.
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